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ABSTRACT 
This thesis examines the use of Group Technol~ 
ogy principles in the machine design process. Group 
. Technology is a manufacturing philosophy which 
exploits the concept of product similarity. Its 
principles, can aid in· integrating the design and 
manufacturing functions of a corporation. 
Design engineers are generally concerned with 
the functionality and certai11 critical limits of a 
part or machine being designed. To increase designer 
productivity, it was decided to examine a design 
retrieval system which would lead the d~signer 
through the design process and point out the critical 
product features. Such a system wi 11 assist with 
part retrieval from the system highlighting design 
limitations. It will be very easy for the designer 
to modify the retrieved part design to meet the 
required needs. This study was conducted to under-
stand the design of such a system for connector-
assembly making machines. Principles of GT were 
applied to modularize machines into distinct modules 
based on their functions. Critical factors and 
critic al limits for design purposes were determined 
for one of these modules a11d the entire logic was 
1. 
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stored in the form of a decision tree using DClass 
Software. . answering a few questions to related By 
the critical parameters of the part, the designer can 
retrieve a part design from the database if there is 
one which approximates the required parameters. 
Proper implementation of this retrieval system wi 11 
definitely • increase efficiency ,and the designer 
production of high quality parts. 
,, 
• 
2. 
' 
l . 
... 
•• ··,•. O •-,,'~C . .<.,~. ,·,;""·'"-''·· , .· .• "r ·.,.:.--.. ____ ______ --· • 
\ 
·-< --
1. INTRODUCTION 
- ·---
Group Technology has evolved as a manufactur-
ing philosophy which exploits the concept of similar-
ity. To date it has meant that during manufacture 
parts with similar features could be grouped together 
and worked on collectively rathe1· than separately, 
thus saving time and cost. This thesis examines the 
potential use of Group Technology principles earlier 
in the design process prior to manufacture. 
Little work has been done to study the bene-
fits of Group Technology concepts 1n the. design 
process. The effort set fo1-th here examines such 
benefits by applying the principles of group technol-
ogy to the design of a family of connector-assembly 
machines. These machines insert wires into the body 
of a metallic or plastic piece to produce electrical 
connections. One outcome of this study is a system 
which will aid the designer 1n the retrieval of 
existing information on macl"1i11es and/or components 
which already exist. The system wi 11 al so lead the -
designer through the desigfl process for new machines 
. 
or components and highlight parameters that critical-
ly influence the new design. 
'. 
' 
3. 
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i" 
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The thesis is organized in five sections with 
each section leading into the next. The first 
section (current) gives an introduction to the 
thesis. Section two explains the different problems 
pointed out by designers who were interviewed in 
order understand the design process to and . issues 
involved in prior connector-assembly machine designs. 
Sectiop three describes a philosophy of design in 
general terms. It discusses the characteristics of a 
good design and the steps throtlgh which it should 
flow. It further describes the design process used 
' to 1 create __ the connector assembly machine considered 
hete. Section four . examines the term Group 
Technology. 
discussed. 
Its concept, uses and benefits are 
It also discusses the benefits of inte-
grating Group Technology into the design process and 
how this integration can be achieved. Section five 
presents a proposed design of the system which inte-
grates group technology and design. It explains the 
design of the system, how it works and its benefits 
and uses. 
-----~- ---
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2. DESIGN PROBLEMS 
This thesis addresses the application of Group 
Technology principles in the design process as Group 
Technology . lS believed to be an effective tool for 
enhancing the design process. technology . lS Group 
also viewed as a "glue" to hold design and manufac-
ture closer together thus avoiding potential manufac-
turability problems. Designers are generally not 
interested in as much manufacturing detail as is the 
manufacturing engineer. 
designers work and think. 
This reflects the way that 
Unfortt1nately, it is much 
easier for a design engineer to ~rase a line drawn on 
\./ 
a piece of paper or computer screen than it is for a 
manufacturing engineer to change the configuration of 
a piece of machined metal once it has been manufac-
tured. Changes are most effectively made at the 
design level. Group Technology offers a way to 
resolve such problems. 
The connector-assembly machines which form the 
cen~ral core~~ o~rthi s ~ wo:tK ~are l1sed ir1 the manufacture 
of electrical and electronic connectors. They 
represent an extensive array of automatic and • semi-
automatic equipment that can meet a customers· 
termination and Printed Circuit (PC) board insertion 
5. 
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d 
, 
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J 
needs. These range from discrete, single wire crimp 
termination to the new mass termination technology 
using industry proven insulation displacement tech:_ 
niques, from semiautomatic single socket PC board 
insertion equipment to computer numerical controlled 
automatic insertion systems. They can also be 
custom-made for a customer's unique requirements. 
For the purposes of this study, a typical 
machine was picked to study the design process. ~ This 
and 
machine was fully automatic 
. processing lead a 
terminating machine. Wire fed into the machine 
. 
lS 
through wire measuring devices. Depending on the 
desired end connections, the leading end of the wire 
is stripped and terminated. It is then advanced 
· through the machine to the programmed length. . Upon 
completion of this operation, stripping and terminat-
ing of the trailing end is accomplished. Termination 
of the leading end of the wire is performed by one 
device and trre trailing end by another. This makes 
it possible to apply different terminals to a single 
wire lead.· · Machines incorp-orating dt1al wire measur-
ing devices can produce two leads of different length 
simultaneously, and apply up to fot1r terminals in a 
single cycle of operation. 
6. 
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A number of typical designers were interviewed 
-, 
to understand the design process and to analyze the 
problems underlying the current design system. 
of the major areas highlighted were: 
Loss of key desig__ners - One of 
the . issues faced by all industries . is 
that when key designers leave the 
company or design function by retire-
ment or reassignment, the company loses 
their specialized design knowledge and 
talents. This problem can be reduced 
by . using advancements . in the current 
computer technology to store or capture 
the designers know-how so that others 
in the company ( including new employ-
ees) can make use of that special 
knowledge. 
Lack of Standardization 
---------~ 
Standards can help . in redt1cing the cost 
and time of producing a new machine by 
eliminating the needless effort associ-
ated with unnecessary variations . in 
design. The connector-assembly making 
machines considered here are made up to 
7. 
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• 
some degree, by basic modules, each of 
which can be standardized. The identi-
fication of such standard modules will 
allow the 
established 
designers 
standard 
to use these 
elements as 
appropriate in a new machine. This can 
reduce the design effort needed for 
building new machines. 
Lack of Use of Functional 
Tolerance Many departments do not 
apply tolerances correctly. This can 
lead to misfits durir1g assembly. Use 
( 1 
'• .,,., ; 
of functional tolerances appears to be 
the best way of applying part toler-
ances. Group Technology principles can 
facilitate the use of functional 
tolerances. 
Lack of Communication between 
----- --- --- - ---·-·-
Design and Manufacturing Often, 
designers are unaware of manufacturing 
capabilities and, prodt1ce . designs that 
are hard or impossible to implement. 
There . lS for strong need a system a 
which integrates the design and the 
8. 
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T - ' 
manufacturing functions • in the design 
process. This will help, designers 
<' produce manufacturable designs. 
The above items were some of the central 
issues pointed out by the designers interviewed. In 
the next chapter a proposed model of a design process 
and the design process followed in the company will 
be examined. 
• 
9. 
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3. DESIGN PROCESS 
"Design is regarded as the 
process of sel~ctively applying the 
total spectrum of science and tech-
nology to the attainment of an end 
result which serves a valuable pur-
pose." 
"The responsibility of the 
design engineer is to use the maximum 
powers of - creativity, judgement, 
technical perception, economic aware-
ness, and analytical logic to devise 
uniquely useful systems, devices, or 
processes." 
- R. J. McCrory, from 
The Design Method [9] 
The objective of this chapter . lS to discuss 
the different phases through which a design goes and 
to identify the critical features of each phase. In 
addition, the design process for the machines around 
which this study was conducted is briefly described. 
The importance of design for manufacturability is 
also highlighted. It will be shown how rnanufactur-
ability incorporated . in the considerations can be 
design process so as to enhance the overall process. 
The work of a designer begins with the need to 
solve some problem. Thus, the first task of a 
designer is to be inventive and come up with original 
ideas to solve the problems. At this point the 
designer should compare the proposed solution with 
10 . 
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· what exists currently and what has existed in the 
past, thus evaluating the solution's usefulness. 
Doing this requires strong analytical skiils. After 
completing this, the designer has to choose the idea 
that appears ·to be the best Slli ted. All of these 
tasks imply that a good designer should be innova-
tive, analytical and possess sound decision making 
skills [2]. 
The designer will typically have several 
objectives in mind, for example performance, aesthet-
·ics, cost, time, feasibility, etc. There will also 
be constraints like resources, technical level of 
staff, etc. Additionally tl1e designer will receive 
valuable input from other departments in the organ-
ization like marketing, research and development, 
manufacturing, etc. It is important for the designer 
to effectively communicate with the above mentioned 
departments, because without their input, he/she may 
come up with a design which may not be successful due 
to factors like lack of feasibility, lack of fulfill-
ing customer needs, etc. 
"Methodology in design is not a formula that 
will in even the slightest sense guarantee a productj 
from the awareness of need to the prototype. The 
design process is a sequence of events within which a 
11. 
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design unfolds logically. It serves as a useful 
reference to a designer by keeping· him informed of 
the past, present and future stages of the design" 
[23]. The different phases of the design process are 
illustrated in Fig. 3.2 in the form of a flow diagram 
of action steps starting with the study and the 
analysis of the need and ending with the final step 
of production. Almost alway~, the design oscillates 
back and forth between the phases as shown in Fig. 
3. 1 until it reaches a form in which it can occupy 
the next successive phase. 
3.1 P_'h_a_s_e_s __ i_·_n __ t_h_e __ D_e_s_i~g~~ . P_r_gc_e_~s_ The most 
important use of the design process is to resolve the 
conflict between creative thinking and logical 
analysis. Creative thinking is more productive when 
the imagination is allowed to wander freely among all 
aspects of the problem; imagination cut off when . lS 
tied up in orderly details. On the other hand, 
analysis works best when a step by step procedure is 
followed and it breaks down when forced to deviate. 
The design process is a sound balance between these 
two activities which are essential to successful 
design. The following . lS one potential morphology of 
the design process, based on the study of the chrono-
logical structure of design projects (based on T. 
Woodson's work with some modifications): 
13. 
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3. 1. 1 Feasibility Study (Phase U · - "The objective 
of the feasibility study is to validate the need and 
produce a set of possible solutions" [ 23] . The 
various steps through which the design flows in this 
phase are shown in Fig. 3.2(a). In order to analyze 
the need for a proposed product, one needs to do the 
following: 
- research the past, 
market. 
present and future 
- concentrate on the 11eeds of tl1e end user 
directly. 
- eliminate the prejudices and preconceptions 
of the analysts. 
- measure the needs agai11st expected ability 
to satisfy them. 
- translate the needs into a st&tement of 
project goals. 
Also the designer has to understand the 
limitations of the existing facilities and products 
in this phase of the design process. After examining 
the existing systems, an initial technical statement 
of the problem is formulated to state the problem in 
its most general technical form. Next, several 
~ 
' 
possible solutions to the problem are listed and an 
attempt is made to make use of existing parts • in 
those solutions. After synthesis the solutions are 
23. 
_/ 
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analyzed to see if they meet the original need. Next 
the phy~cal realizability of each of the solutions 
is studied by answering questions like the' following: 
Can the product or system be made? Are materials and 
manufacturing methods known? Will it perform as 
needed? Subsequently the designer studies the 
economic feasibility of each solution. Estimates are 
made of the income that wi 11 probably resul·t, the 
operating expenses that will occt1r, and the initial 
investment that will be needed. The prospective 
earnings are compared with the prospective risks in 
order to estimate the economic feasibility. At this 
stage the designer analyzes the issue of the availa-
bility of capital. Does the entrepreneur have enough 
money available to finance the venture? Next the 
design moves to Phase II (Preliminary Design) of the 
design process and a set of possible solutions . lS 
available at the end of Phase I of the feasibility 
study. / 
3. 1. 2 Preliminary Design (Phas~ I__!_)_ - "The purpose 
' of the· preliminary design is to quantify the parame-
ters so as to yield.the optimum solution" [23]. The 
problem is put into a symbolic form to examine the 
variables mathematically. 
24. 
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' The input into this phase is a set of possible 
solutions from the preceding Feasibility Study. The 
, 
flow diagram of this phase is shown in Fig. 3.2 (b). 
In the beginning of this phase the best design 
concept • lS solutions selected from the alternate 
based on value analysis and general experience. The 
selected design concept is then formulated into a 
model, preferably mathematical, but initially it may 
be graphic or analog. Next, sensitivity analysis is 
conducted to find which variables are most critical 
.< 
to the proper performance of ·the system, and which 
values are in the critical ranges. Compatihility 
analysis is conducted next to find possible interfer-
ence or mismatch between various components or parts 
of the system. Following this a criterion is formu-
lated to determine and measure which values have to 
be maximized or minimized. Optimization is the next 
. 
step, in which the maximum or minimum values of 
. 
parameters are determined to best meet the objectives 
as expressed by the criterion. The performance of 
the system is predicted based on the values of the 
design parameters determined. The improved design is 
advanced to the next phase of Detail Design. 
3.1.3 Detail Design (Phase IIIl - The aim of Detail 
Design is to reduce the best solution to a descrip-
tion for manufacturability. The .improved design from 
• 
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the preliminary design stage is specified in the form 
of subsystems in order to break it into more manage-
able smal 1 sections. These s\1bsystems are ft1rther 
broken down into components and parts. Manufacturing 
and tech11ical knowledge is required to successfully 
accornpl i sl1 tl1i s task. Each part and component 
performs a specified fu11ction. Next the detailed 
drawings of these parts and also the assembly draw-
ings showing how these parts fit together are pre-
pared. Followi11g this a check is conducted to ensure 
correct dimensions and to see that all the approval 
agency standards are met. After this the design is 
released for constr\1ction and js passed onto the next 
phase of the design process to study its manufactur-
ing det,ai 1 s. All these steps are shown in the flow 
chart in Fig. 3.2 (c). 
3 .1. 4 Planni_fN __ foz· l'L~aduction __ (Phase _IV l - In ·this 
phase of the design process t:he designer is concerned 
abot1t the 1na11ufactt11~a_bili ty of the p1-oduct or system 
designed. The first and foremost step is of material 
selection as sh()Wr1 i11 Fig. 3. 2 ( d) . For maktng the 
rigl1t selection, the designer 11eeds to be aware of 
the critical properties of common materials. Also he 
has to specify differe11t tools a.11d fixtures which 
have to be usec-1 tc) prope:r;: ly 1nacl1.ir1e the parts. It is 
importa11t for the designer tc) k11ow about the plant 
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layout, capabilities of machines available, their set 
4 
up, etc. It is always good to have a manufacturing 
engineer on a design team because he can contribute 
~ 
in a very productive manner towards generating 
process plans, checking quality and applying con-
trols. • lS in this phase of the It design process 
that a decision is made to either manufacture a part 
in house or buy it from outside. This decision is 
based on in-house capabilities and cost consider a-
tions. Some other production, planning and control 
details like manpower reql1i rements, production 
schedules, information flow etc. also need to be 
considered at this stage, tho1.1gh not necessarily . in 
ful 1 detai 1. Next the design moves to Phase V of 
Planning for Distribution. 
3.1.5 Planning for Dis tr ibi!J-_i-_9!1 ~(fh_a_s_e __ V-L-) The 
objective of this phase of the design process is to 
plan the distribution of the product or system 
designed from the premises of the company to others. 
First the packaging details have to . be laid out in 
terms of material and ,.method to be used. Next, 
storage in the warehouse and transportation to the 
warehouse need to be planned. Also at this stage the 
entire documentation which accompanies the product is 
C, 
prepared, giving details about its use, install~tion 
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problems, maJor precautions and maintenance. The 
flow diagram of this phase is shown in Fig. 3.2 (e). 
3.1.6 Planning for Consumption ___ (Phase VI) - The . aim 
of the designer in this phase of the design process 
is to strive for customer satisfaction. He details 
down the maintenance requirements. The particular 
parts or components, if any, which need extra care 
are also pointed out. The designed product is tested 
for reliability, safety of operations, convenience 
and aesthetics. Operational economy is also consid-
ered. A plan is made to collect service data for 
improving the future generations of the product. The 
flow diagram of this phase is shown in Fig. 3.2 (f). 
3 .1. 7 P 1-anning for Retirement __ (Phase __ J! I I) - The goal 
in this phase of the design process is to study the 
use of the product -or system designed after its 
useful service life. The flow diagram of the steps 
involved in this phase is shown in Fig. 3.2 (g). The 
old designs help to reduce obsolescence in future 
designs and also to anticipate fl1ture technical 
developments. Analysis of products after their 
• service . . 1 s over gives important data that . 1S life 
useful in improving future designs. Also in this 
stage considerations like whether anything useful can 
be obtained out of scrap are taken into account. 
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Multiple use levels of the system designed are 
studied, i.e. if the system has become obsolete for a 
particular level of use, it may still be useful at'a 
lower level. 
3.1.8. Revision (Phase VIII) - The objective of this 
stage ii to produce an improved or acceptable design, 
based on exp~rience with a manufactured and tested 
system. The first step in this phase is to conduct a 
full performance test in the factory. If the results 
are satisfactory, conduct field and life tests. If 
adequate, perform a quality audit on a production run 
. ! ~ 
and change the design to eliminate quality problems. 
At last, simplify the design to reduce cost and then 
the design is ready for production as shown in Fig. 
3.2 (h). 
It should again be pointed out that the entire 
design process is an iterative process, it keeps on 
bouncing back and forth between the two adjacent 
' 
stages until it is fully ready to proceed further. 
Also each design project has its own "personality", 
its own special needs, its own program and set of 
objectives. 
. 
experience. 
"Designers all differ in talent and 
What would be an obvious procedure for 
one designer might never occur to the other. The 
eight stages described above will be too few for one 
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project, too many for another. . in The decision is 
the hands of the designer, he must decide what the 
project needs, what outside talent he should call in 
and how he can best use his own time to be produc-
tive" [ 23]. So far the discussion was on the conven-
tional design process, the logical phase within which 
it unfolds. Next, the machine design process fol-
lowed at the company under study will be discussed. 
3. 2 Connector-Assembly Design ___ Process - The major 
phases in the machine design process were identified 
in the interviews as: 
Recognition of Need 
Definition of Problem 
Synthesis of Design 
Analysis and Optimization 
Evaluation ofNDesign 
Presentation of Design 
The first phase . lS , Recogni tior1 of Need, . A 
need may be recognized due to an ~rder received from 
a customer or it may originate from research con-
ducted by the research and development department. 
The next phase is 'Definition of the Problem'. 
The problem at hand is defined in functional and 
30. 
' 
,,._.,•.-.. -.-"'.,.':,,,·:,;,/•.-:',,·,' '- .•. "-·'• .·.C;,:;,-.. 18lilill 
q~antitative terms. Specific requirements can ~be 
defined in terms of the following: 
- Crimp Force 
- Production Rate 
- Type of Insulation 
- Lead Length 
- Wire Size 
- Number of Wires to be Handled .at a Time 
- Type of Contacts to be Applied 
- Strip Length 
- Options Required 
- OSHA Requirements 
These elements define the need and provide a 
framework for the later stages of design. 
In the 'Synthesis of Design' phase, the 
designer develops the conceptual layout of the 
machine. This is the first step towards meeting the 
objectives defined in the preceding phase. The 
designer defines the machine in terms of separate 
modules such as wire feed, product feed, etc. Each 
module satisfies a specific function. From these 
initial ideas the design moves toward a final cohe-
sive design. 
31 . 
• 
' r 
Next the design is subjected to 'Analysis and 
Optimization' . Answers are sought to the following 
types of questions: 
Will the member bear the load? 
What will be the life expectancy of the wear 
parts? 
,;· 0 
To prove the design, it is subjected to 
evaluation by building and testing a prototype. If 
the 'Evaluation of Design' is successful, the design 
is ready for production. Then in the final step of 
'Presentation of Design', the entire documentation is 
put together. This consists of assembly drawings, 
part drawings, bill of material, schematics, pro-
grams, test results, operation manuals and set up 
procedures, etc. 
During the analysis of the company's design 
process it was found that al thollgh the design for 
assembly considerations were taken into account 
p, 
design for manufacturability was not aggressively 
integrated into the design process. Design and 
manufacturing departments work independently and the 
design oscillates between the two departments until 
it is finally approved. For the interested reader, a 
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disc~ssion on the concepts of design for manufactur-
ability and assembly is prbvided in Appendix A. 
In this section the discussion started with 
• 
the conventional design process. The critical steps 
and features of each phase of the design process were 
identified. In the next section the concepts of 
Group Technology are explored, it will be shown how 
GT principles if applied in the product de~ign stage 
will aid in producing improved designs. 
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4. GROUP TECHNOLOGY 
The aim of this chapter is to understand the 
manufacturing philosophy of Group Technology and the 
reasons and benefits of applying this technology in 
the product design phase of a product development 
cycle. 
A critic al . in successful, highly element a 
competitive manufacturing company . is "Integration" . 
Integration is the process of communicating critical 
data between the different departments in a company 
from the design creation to the delivery of the 
product. Group Technology (GT) ~s already noted is a 
technology which exploits the concept of part simi-
larity. Implementing GT is a critical step towards 
achieving integration in a company. 
GT simply identifies similar attributes . . in 
products, processes, etc. and claspifies these into 
families based on these similarities. Such a classi-
fication leads to standardization at various levels, 
which results in better control and reduced effort 
and savings in cost. Various other benefits are also 
achieved, which will be discussed later in this 
section. 
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Definition - "Group Technology is the realiza-
tion that many problems are similar, and that by 
grouping similar problems, a single solution can be 
found to a set of problems, thus saving time and 
effort. " [ 19] 
4.1 Concepts and Scope of GT - Conceptually, GT as 
used in manufacturing is a method of grouping parts 
together in families based upon their similarities. 
Typically these similarities are of two types: 
a) Geometric Similarities the 
similarities based on the shape and 
size of the parts. 
b) Manufacturing Similarities the 
similarities based on production 
operations. 
Depending upon the nature of the product under 
GT analysis, there can be more than two types of 
similarities. For example, in composite manufactur-
ing, GT analysis is based on similarities of physical 
and chemical properties, loading condition (axial, 
bending, shear, etc.), material, plies thickness, 
orientation of the part and its function. The 
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essence of GT • is to c~pi talize on similarities 
recurring tasks in three ways [11]: 
1. By performing similar activities 
together, thereby . . . . minimizing the 
wastage of time that occurs ' in 
shifting from an activity to 
unrelated activity. 
2. By standardizing closely related 
activities, thereby focusing only 
on distinct differences and avoid-
. ing duplication of unnecessary 
effort. 
3. By efficiently storing and retriev-
ing information related to recur-
ring problems, thereby reducing the 
search time for the information and 
eliminating the need to solve the 
problem again. 
' in 
The scope of GT is wide and it affects all the 
functions of a manufacturing enterprise (e.g. design, 
production, finance, market·ing, manufacturing, etc. 
as shown in Fig. 4.1). 
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4.2 GT and Manufacturing - GT applies to both the 
mass production environment and discrete parts 
manufacturing. In some manufacturing plants, the 
setup time can be high because of the product mix and 
small lot sizes and may comprise a significant part 
of the total production time. Furthermore, plants 
typically have a functional layout of equipment; 
consequently, jobs take a nearly unpredictable path 
i 
through the plant in order to reach all the necessary 
processing locations. Pr·oduction scheduling and 
production control become very complicated, and 
actual information on the status of any particular 
job is difficult to obtain [15]. 
GT helps alleviate this situation by first 
grouping parts into families having manufacturing 
similarities. In this way different parts requiring 
similar machines and tooling are processed . in a 
sequence that increases the quantity per setup, 
thereby significantly reducing setup times and co 9 ts. 
Machines used in the production of similar part 
families are grouped together forming a machine group 
" or machine cell.· These group layouts definitely 
result in a reduction of transportation and queueing 
time between operations. Also this layout. leads to 
reduction of problems of production scheduling, 
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production. control, material handling and· work-in-
process inventory levels, etc. and at the same time 
tends to improve the opera furs' morale. Problems 
related to tooling are simplified through the use of 
jigs and fixtures common to an entire part family. 
The economic benefits of the application of GT become 
significant when the cost reductions in tool design, 
production control, material handling and inventory 
control, etc. are considered [15]. 
4.3 GT and Product Design - . is The design stage 
the foundation of any manufacturing process and has 
an impact •on all successive stages of manufacture 
[ 19] . Application of GT at the product design stage 
results in numerous~ benefits at all subsequent 
stag.es. The remainder of this section focuses on 
discussing the importance and benefits of using GT 
during the design process. Application of GT princi-
ples in the design process will help . . . in increasing 
the productivity of the design engineers by speeding 
up the entire process. 
the following benefits: 
GT in design can help realize 
i 4. 3. 1 Constrain Design Proliferation It is quite 
common to find several . versions same part the of 
during preliminary part analysis in a company. The 
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parts can serve the,same function but differ in terms 
of tolerances, radii, surface finish, etc. Design 
proliferation of this kind occurs because of diffi-•._,,.__. 
culties with design retrieval. Whil~ a part similar 
to the one that is needed may already be designed by 
different personnel at different times, the present 
designer has neither a system nor the patience to 
find it [ 11] . It is easier to create a new part, 
which then means, assign a new part number, prepare a 
new process plan and design new tools. GT principles 
facilitate the design retrieval by classifying the 
parts into families and storing this information in a 
common database for easy retrieval. This greatly 
improves the performance of a CAD system by eliminat-
ing design proliferation. Operating in this fashion, 
CAD systems can far exceed the four-fold productivity 
increase obtained in stand-alone installations [15]. 
4.3.2 Design Standardization The aim of design 
standardization is to reduce variations, to make the 
parts efficiently, and to require justification for 
derivations from the norms. Standardization does not 
mean that all parts with the same function must be 
identical. It does mean, however, that norms are 
established for tolerances, dimensions, angles, and 
other specifications. 
---¢~·-· --------------
Setting these norms should be 
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done with both design and manlifacturing considera-
tions in mind, bridging ithe gap between these two 
areas and aware of making design 
. 
engineers more 
manufacturing costs and restrictions [11]. 
4. 3. 3 Economic Benefits According to the study 
conducted by Phillips and ElGomayel of Purdue Univer-
sity, pre-production costs amount to as much as 80 
percent of the total cost of a product. Preventing 
unnecessary design duplication will result in consid-
. 
erable savings, especially when one considers the 
cost of putting a component through all the stages of 
design, estimating, costing, production planning and 
the subsequent production. In a drawing office which 
produces several thousand drawings a year, signifi-
cant 
. 
savings can result not only by eliminating 
design duplication, but also becal1se an additional 
return on past investments is obtained each time an 
existing component is incorporated into a new product 
[ 19] . 
4.3.4 GT and Variety ReductiQl1_ - A large variety of 
components can cause problems for the manufacturing: 
department. GT reduces this variation by 
. grouping 
the components into part families. For example it 
may be found by using GT that numerous sizes of 
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screws are being used without proper justification. 
This can result in their standardization and thus in · 
the reduction of cost. 
4. 3. 5 Critical Features and Limits Grouping the 
parts into families helps in identifying critical 
features and critic al limits of parts. Designers 
while designing a new part conduct different types of 
analysis to verify and decide on the most optimal 
design in the preliminary design stage. This infor-
mation is typically not stored for further use, but 
by' using GT principles it is possible to store thi~ 
information 
relation to 
. in 
a 
relation to 
specific part. 
a part 
This 
family or 
information 
. in 
. is 
extremely valuable for the designer when a design is 
retrieved in the future while designing a new part. 
It will give the reasons for designing a part in a 
particular manner and will also give the limits 
within which it will work so the designer will have a 
good idea of the existing design and can modify it 
effectively to suit the new situation. 
4.3.6 Functional Tolerance - GT can be used to fotus 
on a company's functional tolerance (please refer to 
Appendix B to understand the meaning of functional 
tolerance) and value engineering efforts. Because of 
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the time constraints inrthe engineering departments, 
! 
" the designers do not find enough time to do the 
detailed calculations necessary for functional 
tolerancing. However, this decision leads to a 
multi-fold increase in the production cost for the 
\ 
remainder of the active life of the part. After the 
parts are classified into families, functional 
tolerance and value analysis can be performed easily 
on the critic al features of a family, thus . saving 
time and money by reducing the amount of work. 
4. 3. 7 Standardization of the_ Terminology In the 
design environment there are many different terms 
used to communicate the facts. As a result, many a 
time there is a situation of misunderstanding, which 
can result 1n a financial loss. 
standardizing this terminology 
storing it . 1n a common database, 
GT assists 
company-wide 
. 1n 
by 
which can, be re-
trieved by any functional department. 
The above discussion definitely proves the 
potential benefits of applying GT principles in the 
Product Design phase of the manufacturing life cycle. 
In the following section the application of these 
principles in the company's design process is dis-
cussed. 
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5., APPLICATION OF GROUP TECHNOLOGY PRINCIPLES IN 
MACHINE DESIGN PROCESS 
This chapter discusses a possible plan for the 
step-wise implementation of GT principles in the 
design environment of the company under study and 
takes a look at the benefits which the company might 
derive from its implementation. It also explores 
management issues for implementing this technology 
and its overall usefulness in a Computer Aided 
Engineering (CAE) system. 
A significant portion of the design work 
performed . lS of entirely new not the creation 
designs, but the modification and adaptation of 
existing designs. In these cases, situation recogni-
tion factor in the production of new . lS . a maJ or 
designs. "Have we made one like this before?" is a 
universal question that is asked in these situations. 
It . lS therefore conjectured that extension of 
automated - situation recognition to enable similar 
designs to be retrieved from data storage systems 
will be a major component of future CAD systems [12]. 
GT principles can help in designing this type of 
retrieval system which can be interfaced with CAD 
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systems to bring up the drawings on the CRT for 
further analysis and modifications. 
5.1 Application of the GT princil!Jes in the Design 
of Connector-Assembly Making Machines - This section 
covers the steps undertaken initially to start the 
process of applying GT principles and also highlights 
the benefits derived from it. 
The initial objective was to understand the 
designers' perspective of the design process, to 
standardize the terminology used in the company and 
to identify critical parameters in the design of 
connector-assembly machines. The use of standard 
terminology is necessary because of the vast vocabu-
lary of design and manu..facturing terms. The same 
term can have different meanings to people working in 
different environments unless its unique meaning . lS 
established for use in the company. This confusion 
of terms can also take place across the same depart-
ment, e.g. , in the design department different 
designers ~an interpret a term in different ways. As 
an iexample, 'consider the term "pivot" it means a 
fixed axis about which revolute motion can take place 
and it also means a male element of a revolute joint. 
[ 1] "pin" which can have Another example • 1S a 
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different meanings for a mechanical and an electrical 
. 
engineer. Also, 'bushing' and 'bearing' can have 
similar or different meanings according to the 
terminology established. Moreover there are certain 
terms used in every company that are specific to its 
product line (e.g. crimp force, slack length, termi-
nating unit, etc. in the case of connector-assembly 
making machines). These terms should convey a unique 
meaning universally throughout the company. 
As noted, a team of designers was interviewed 
to understand the design process. With the help of 
the designers, some parameters responsible for 
determining the appropriate machines were identified. 
These parameters are: 
1. Crimp Force. 
2 . 
3 . 
4. 
Production Rate 
Type of Insulation 
Lead Length 
5. Maximum and Minimum Wire Size 
6. Number of Wires to be Handled 
7. Strip Length 
8. Options Required 
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9. 
10. 
Type of Contacts 
OSHA Requirements 
MACHINE REQUIREMENTS (SET #1) 
Every connector assembly making machine has a 
fixed value for each of these parameters. A machine 
is uniquely defined by either all or a group of these 
parameters. The designer develops a conceptual plan 
after getting these values. In the conceptual stage, 
he breaks down the problem into different functional 
areas, each represented by a separate module. Each 
module is then designed separately in detail with the 
overall picture of the machine in mind; sub-systems, 
mechanisms and individual parts are designed to fit 
together in the system. This breakdown of the 
machine into modules and sub-modules is pictorially 
shown in Fig. 5.1. 
The next task was to determine the critic al 
features of a typical module. Because of time 
constraints the study was principally restricted to 
one module i.e. Wire Dereeler. However, the decompo-
sition of all other modules can be conducted in a 
similar manner. The following factors were identi-
fied to define the Wire Dereeler: 
• 
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Force required to dereel 
- Torque produced 
- Feed rate 
Moment of Inertia (MOI) of wire spool 
- Cost of the unit 
- Type of maintenance required 
MODULE REQUIREMENTS (SET #2) 
The Wire Dereeler was further divided into 
three sub-modules based on functionality. 
sub-modules are: 
- Cushioning mechanism 
- Braking mechanism 
- Supports 
These 
Again, for each of these sub-modules critical 
elements which define them were identified. This 
process continued to a stage beyond which further 
breakdown was not possible and in the end there was a 
list of parts which compose a sub-module. 
The next step was to identify the obj~ctives 
that the application of GT principles should accom-
plish. 
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The following is a list of those objectives: 
1. To facilitate the design retrieval. 
2. To avoid the duplicatiqn of component 
design effort. 
3. To achieve variety reduction and stan-
dardization. 
4. To integrate the design and manufacturing 
functions of the company. 
5. To encourage . the design for manufactur-
, 
ability and assembly. 
6. To facilitate the use of functional 
tolerances. 
7. To assist in tool and jig design. 
8. To capture design process and critic al 
function of each part. 
9. To reduce the 1~edundancy of parts and 
improve quality of the product. 
10. To facilitate Value Analysis. 
With the above objectives in mind, the GT 
principles were applied to capture both the design 
and manufacturing attributes of a part side by side. 
The idea was to enable a person to retrieve informa-
tion about a part from both a manufacturing and 
design point of view. 
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On the design side, an ~ff ort was made to 
identify functionality of the parts as designers 
generally think in terms of the function of a part. 
Also, the idea was to distinguish the critical 
parameters of the machines, modules, sub-modules and 
parts, so that families can be formed on the basis of 
the similarities of these parameters just as families 
are made for the manufacture of similar parts . 
The first step in 'applying GT principles was 
to group the machines into families depending upon 
their functions and features. Essential features 
identified were mentioned in Set #1 earlier. It is 
worth noting that while grouping machines into 
families at this stage according to the rules estab-
lished Set #1, are it may be found that there . in 
machines existing which are more or less similar in 
their design and function. Standardization can be 
achieved at this level by eliminating such machines. 
Since each machine l1as a set of different 
modules, the next step 'Mas to form families of each 
of these modules. For example in the case of a Wire 
Dereeler, there may be 20 or more different Wire 
Dereelers existing by grouping them . 1n the company, 
together into say 2 or 3 families on the basis of the 
51. 
\;' 
I 
1 
' 
.. 
• 
? 
requirements mentioned in Set #2, any duplication in 
their design can be eliminated. Moving further, 
families can be formed at the sub-modules level (e.g. 
Cushioning Mechanism and Braking Mechanism in the 
case of a Wire Dereeler) and the process continues to 
a point beyond which further breakdown is impossible, 
i.e. when the breakdown is down to the part level. 
The above breakdown for one connector-assembly 
machine was stored on an IBM PC using DCLASS soft-
ware. 
The next step in the design of a system was to 
decide on a retrieval strategy. Two approaches were 
considered. In the first approach, codes can be 
established which identify features of each module, 
sub-module or part. The designer can then be asked 
to enter a code at each level of above decomposition 
and the system can then display the "best-fitting" 
machine, module or sub-module, till the final list of 
parts is reached. For example, first the code based 
on requirements in set #1 can be entered, which 
causes the retrieval system to pick up the appropri-
ate machine and then the code based on requirements 
in set #2 can be entered, and so on. 
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In the second approach, the designer doesn't 
need to generate any codes but enters the values of 
parameters instead (e.g. values of parameters in Set 
#1) . The system can then pick up the machine or 
' 
module which closely matches those values. In this 
way, the to the coding . remains system transparent 
designer and he doesn't have to be concerned with the 
generation of codes. This approach is the one chosen 
in this study. The following is a description of the 
interaction a user (designer) goes through with the 
system when he/she wants to retrieve information. 
First the designer is asked to enter the value 
of parameters mentioned in Set #1, and based on these 
values a family of machines is picked which closely 
satisfies the conditions entered. After selecting 
the machine, the list of different modules which 
constitute this machine appear on the screen. For 
example: 
Machine Selected is - <Name of the Machine> 
MODULES 
Wire Dereeler 
Wir'e Measuring 
Wire Feed System 
Wire Jaw System 
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Wire Transfer 
Wire Eject System 
Then, the designer picks a module which he 
plans to design. ' lS again asked to enter the He 
values of the critic al factors which identify the 
module he is looking for and the most appropriate 
module family selected. For example in the case ' lS 
of Wire Dereeler: 
- Enter Force required to Dereel 
- Enter Torque 
- Enter MOI of Wire Spool 
' 
' 
- Enter Type of Maintenance Required 
- Enter Feed Rate 
- Enter Cost of the Unit 
Based on the values entered for each of these 
factors, an appropriate dereeler family is picked 
from the families of dereelers. When the designer 
decides on a specific dereeler, the sub-systems of 
that dereeler are displayed, for example: 
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- Cushioning Mechanism 
- Braking Mechanism 
- Supports 
Further selection of any of these sub-systems 
points out the critical elements of their design in a 
similar manner and in the end the list of parts or 
subassemblies which constitute that sub-system . lS 
displayed. Attached to each of the parts is its 
manufacturing code and any critical limits within 
which it works. These critic al limits can be . in 
terms of stress and loading limits, L/D ratios, 
pressure etc. The idea behina providing these 
critical limits is to make the designer aware of the 
operating limits of a component. This information 
will help 
component 
him 
as he 
searching the . in most 
·, 
can search through the 
appropriate 
family of 
similar components by using manufacturing code. For 
example, say we select a Cushioning Mechanism, the 
critical parameters for its design are: 
Force with.which it pulls the wire 
Slack Length (must be less than Lead 
Length) 
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Value of these parameters help in evaluating 
the b~st option available from the family'\of Cushion-
\ I " 
ing Mechanisms, and then its sub-systems are dis-
played as shown below: 
1. UPPER STATIONARY PULLEYS 
2. LOWER NON-STATIONARY PULLEYS 
3. DANCING PULLEY SHAFT 
Subsequently, the list of parts under each 
sub-system is displayed as shown below: 
UPPER STATIONARY PULLEYS ,_ 
/ 
I 
Quick Change Assembly/Code 1111012 
Pulleys/Code 1212121 
Receptacle/Code 2345321 
Mound/Code 6854367 
Tower Block/Code 6754328 
Screw/Code 2222343 
Similarly the list of parts appears for the 
other two sub-modules. 
NOTE: - Please refer to the decision tree in Appendix 
' 
C-1 for a better understanding of the above approach. 
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Once the list of parts is known any specific 
part or the entire assembly can be displayed on the 
·CRT. With the drawing of the part on the CRT in the 
'-
form of a 3-dimensional model, different analyses 
• 
and the real time manufacturing simulations can be 
performed to study its critical features. The design 
can be modified to suit the required conditions. 
Several benefits can be derived from, the 
system described above. Some of these benefits are: 
a) Design Standardization - Standardization 
is achieved by avoiding the proliferation 
b) 
of 
. grouping machines, the design. By 
modules and sub-modules into families, 
the designs can be retrieved very easily 
to answer questions like "Have we de-
signed such a thing before?". Easy 
retrieval of the exact part or closely 
related parts, which can be modified to 
suit the requirements, helps to avoid 
duplication of design. 
Variety Reduction - Machine and component 
variations can be control led to a large 
extent. For example, consider a case 
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when a machine already exists to do a 
' 
specific task and a new order is received 
which . requires some slight variations. 
In such a case, instead of designing the 
whole machine again, slight modifications 
can be made to the existing design to 
satisfy the new requirements. A similar 
situation can occur in the case of 
modules. Existing modules can be modi-
fied to work in different machines and 
there can be a module which can work in 
two or more different machines. Again, 
in the case of components or parts, a 
large variety results due to slight 
differences in their functions or geome-
try. When a list of parts is generated, 
similarities in manufacturing codes can 
be detected and part variations can be 
reduced. It was fot1nd by sorting 308 
parts of Wire Dereeler and 3 other 
modules that there are 50 screws, each 
being . ll1 diameter, either different 
length or number of threads (Appendix 
C-2). Careful examination can definitely 
reduce such a diverse variety of parts to 
a significant extent. 
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c) Cost Savings - By avoiding the duplica...'.. 
' 
tion of design effort enormous cost 
savings can be realized. 
5.2 Manufacturing Code for Connector-Assembly 
Machine Components - The essence of a manufacturing 
code 1s to capture the manufacturing characteristics 
like shape, origin, material, dimensions, tolerances 
-.i 
and special requirements (e.g. surface finish, 
coatings, etc.) of a part. In the design retrieval 
system described above, a part is retrieved from the 
database on the basis of its function, with its 
critical parameters and its manufacturing code. The 
manufacturing code can be further used to get the 
manufacturing details of the part and also for re-
trieving the components similar to the one picked by 
design code. The information contained in a manufac-
turing code can be as follows: 
~ 
1. Shape - There can be two classifications 
under shape: flat or round. This 
classification essentially tells us 
whether a part lS a milling or lathe type 
part. 
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2 . Origin Origin pertains to where the 
part first encounters the manufacturing 
process. The attributes are barstock, 
castirig, weld~ent or purchased part [20]. 
3. · Material Material specification tells 
us about the material from which the part 
is made (e.g. brass, stainless steel, 
cast iron, polymer composite, etc.). 
4. Dimensions - There are three characteris-
5. 
6. 
tics of dimension: length, width and 
height. It tells about the critical 
dimensions of the part. 
Tolerances Classifications could be 
. . 
non-precision, . . . semi-precision, and 
. . precision. the a fraction Is part 
. 
tolerance part 
ance part? 
or is it a decimal toler-
Special Requirements This attribute 
tells the specific . processing about 
requirements of the part like surface 
finish, coatings, etc. 
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Therefore we can have an eight . digit code 
defining the manufacturing specifications of · a part 
in the following format: 
0 
s hape 
00 00 0 0 0 
Sp 
Tolera 
Origin Dimension 
Material 
Manufacturing Code 
t--· 
" 
ecial Requirement 
nee 
This manufacturing code will classify parts 
into families based on their manufacturing character-
istics; parts with a similar code are classified as 
. 
one family. The following advantages can be derived 
from the implementation of a manufacturing coding 
scheme: 
1. A large part of production planning can 
be done with information on only the 
general nature of a part's design 
features [ 13] . 
2. In the design related coding sfstem 
described before, retrieved a part . lS 
------·· 
• 
/ 
purely on the basis of its function. If 
the designer is not concerned with the 
function of a part but is concerned about 
the features or the manufacturing details 
of a part, he can still retrieve it by 
using the manufacturing code. 
3. Again if the designer needs to know about 
the function and the manufacturing 
characteristics of a part, he can first 
retrieve it functionally and can then use 
the attached manufacturing code to get 
the manufacturing details. 
4. Knowing the production plan, equipment 
grouping or cell layout can be identi-
fied . The benefits derived from cellular 
manufacturing are: 
* Setup times shorter resulting . in are 
" 
increased machine utilization and less 
setup costs per part . 
. ... ... ,, 
I 
i 
* Work in process is reduced. 
* Material handli'ng costs are less 
because of the more compact equipment 
layout. 
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5. Standardization of the terminology can be 
achieved by using standard terms to 
describe the part in the design and 
manufacturing environment. This reduces 
a lot of confusion and improves mutual 
understanding throughout the company. 
6. By combining families of similar pur-
7. 
chased parts with one • is vendor, it 
possible to achieve volume considera-
tions. In the area of raw materials, 
unnecessary variety often exists in terms 
such bar stock. . . examining the By as 
frequency of sizes of manufactured parts, 
it is possible to stock fewer but larger 
quantities of composite size bars and 
lower total inventory [15]. 
. 
easier to apply the concepts of It is 
functional tolerancing to a family of 
parts instead of an individual part. 
8. Simplified material storage results due 
to variety reduction of raw material. 
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5.3 Management Issues - So far this section has 
focused on technical issues involved in implementing 
GT principles. There are also some management issues 
which are critical for designing and implementfEg an 
efficient system and some of these 
cussed below. 
. issues are dis-
Before any change or new technology is • incor-
porated it . in essential that its a company, lS 
management is fully convinced of its economic and 
other benefits. The potential benefits of implement-
ing GT in the design environment have already been 
discussed. GT is the starting point of integrating 
CAD in the design room and CAM on the shop floor of 
an organization. Limited benefits are derived from 
stand alone CAD/CAM systems and joining the two 
together . increases the potential benefits to a 
considerable extent. Design and manufacturing are no 
longer separate entities they are unified. To 
achieve this kind of integration is the major goal of 
batch manufacturing management [10]. In a batch 
manufacturing environment, customers want customiza-
tion to special needs and special features which they 
feel they can get because of a batch operation, 
resulting in a wide range of product variation 
throughout the 
. .. 
L. 
industry. 
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variations lead to many different parts, and with 
part variety there are seemingly endless non-standard 
design features. This directly means a lot of design 
proliferation, which is very expensive. 
Design proliferation is also very expensive in 
the manufacturing process. Design decisions have a 
significant impact on production costs. For example 
a 10" shaft with a 1" diameter may be made out of 
stainless steel, steel, aluminum or other materials; 
it may be hardened, ground, or nickel plated. Such a 
shaft may cost $2 or $1000 without any difference in 
its ultimate usefulness. Often it may be the design-
er's "arbitrary" design specification and not always 
the function of a part which determines its cost. 
Also there . lS a process plan for every design, so 
every new design created has a direct impact on the 
manufacturing process plan. 
The significance of CAD with CAM in CAE is 
great; the design cycle can be shortened, because 
long 1?read-boarding and prototype building can be 
avoided. It becomes economically feasible to experi-
ment with different design alternatives simultaneous-
ly. Alternative designs can be competitively evalu-
ated in performance and appearance by simulation. 
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The costly and lengthy implementation can be post-
poned until the best suited design has been deter-
mined and properly tested under a wide 
' 
range of 
extreme conditions [16]. Integration is the key .to 
realizing the benefits that computers have to offer 
for design and manufacturing; this integration can 
only be achieved by the use of GT principles . 
Classification and coding systems based on the 
principles of GT, if properly related to CAD and CAM 
functions, can serve as the required integration 
force in the batch manufacturing environment. 
( 
Once convinced of the usefulness of the 
technology, the management should provide full 
support for such a project which involves implement-
ing the change or introducing the new technology. 
Also, the management at this point is responsible for 
putting together an efficie11t project team. It lS 
essential that such a team shot1ld have people from 
design, manufacturing, production, accounting, and 
purchasing, etc. to provide the appropriate informa-
tion related to their departments. It definitely 
takes longer to design a system when there are people 
from all the functional areas of a company, but the 
system designed in such a manner does behave in an 
efficient way. 
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Change • lS 
are 
seldom welcomed by people who
 
di~ectly going to be affected b
y it. It is important 
at this point to increase thei
r awareness and to show 
them how the new system will 
be useful to. them and 
will in no way work against
 them. Another major 
problem is to get people toge
ther to talk. Design 
and manufacturing personnel a
re not accustomed to 
talking to each other, but thei
r input in the project 
is absolutely essential. Educ
ation of the personnel 
to increase their knowledge of
 the new subject under 
consideration (e.g. GT) through semi
nars or classes 
will help to gain the required 
support. 
It can be easily concluded 
from the above 
discussion that classification 
and coding based on GT 
principles is a key to the 
integration of CAD/CAM 
activities E
normous benefits can be . in a company. 
derived by implementing such a
 system . Once imple-
.,. 
mented in design and manufactu
ring areas, the appli-
cations of GT principles can b
e extended to account-
ing, inventory control, marke
ting and their business 
functions. 
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APPENDIX A 
Design for Manufac~urability 
The primary objective of the designer 
. 
lS to 
produce a quality product in a most economic manner. 
Automation is one key to productivity and competi-
tion. A closer relationship is needed between the 
designers of a product and those who manufacture the 
design. The most important step towards achieving 
• 
this goal is to implement a "design for manufactur-
ability and automation" (DFM/A) program. Such a 
program generally results in better product qual0i ty, 
reduction of parts inventory, fewe1· design changes 
and a shorter product development cycle. 
"DFM/A • lS the process of designing a product 
to provide the requisite function at the lowest cost, 
using guidelines that will ensure the product's 
manufacturabi li ty'1 [ 3] . It is critical for DFM/A 
that design and manufacturing functions share suffi-
cient design information and be willing to compromise 
at times. Procedures must be established to ensure 
that the manufacturing line is capable of performing . 
the processes indicated by the product design. 
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Al.l Requirements for Implementation of DFM/A - A 
product evolves through the combined efforts of 
I 
engineering and manufacturing. As such it would be 
inappropriate for these departments to perform these 
. 
activities completely independent of each other. It 
is required that corporate objectives should also be 
included in the design optimization process and a 
DFM/A program provides a structured approach to 
accomplish this. Following are ,the main requirements 
for implementing DFM/A [3]: 
a) Management Support It is vital 
that all management levels should be 
strongly committed to automation and 
give full support of implementation 
of DFM/A principles. Moreover, the 
management should also ensure that 
an atmosphere of positive outlook 
towards automation exists throughout 
the organization. 
b) Knowledge of State-of-_the-art Design 
Principles and Tools Designers 
should be aware of the state-of-
the-art design principles and tools 
like CAD/CAM, Solid Modeling, 
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Al. 2 
Simulation 
Methods. 
I 
• I 
and . Finite Element 
In addition, they should 
have the knowledge of geometric 
dimensioning and tolerancing re-
quirements, because very often it is 
unnecessary and wasteful to specify 
minute tolerances for parts. 
Axioms and Principles _of. ____ DFMiJl - DFM/A man-
dates that certain axioms and principles be applied, 
wherever possible, to prodt1ct and process design. 
Some of these principles are [3]: 
' 
a) Design for a minim_U!J}. __ p_y_ll_7ber of parts 
Minimizing the number of parts 
results in benefits at all stages of 
the manufacturing eye le, including 
• significant savings in costs of 
inventory, purchasing, production, 
warehousing and assembly. Many 
times, improved quality also results 
from 
parts. 
reduction . in the number of 
b) Design 
Quality 
for quali~L ___ --~?surance 
includes aesthetics and· 
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performance. A product may be 
technologically excellent, but it 
won't succeed unless it looks good 
and performs well. Proper quality 
checks need to be integrated in the 
design process. 
c) Design for automatic ___ parts handling 
- A great economy in manufacturing 
can be achieved if the way a part is 
transported and a0ssembled is taken 
into account during 'tl1e design 
stage. 
in the 
This will allow optimization 
. 
arrives part at way a an 
assembly point. When designing the 
shape of a part, the designer should 
try to incorporate symmetry, low 
centers of gravity, easily identifi-
able features and pickup and ban-
dling points. This will help in 
producing a design with improved and 
automatic handling. 
d) Design for minimum assembly__ cost -
It is important that a designer take 
into consideration how the' product 
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will be assembled and what methods 
will be used for feeding and orient-
ing parts. Different methods lead 
to different assembly costs and 
since reducing cost is one of the 
key ob,j ecti ves of · the designer, the 
methods leading to lower costs 
should obviously be preferred. 
e) Design for economical motion - A 
designer should apply time and 
motion studies to his design and 
ensure that the parts fit together 
• in that gives most a sequence 
economical motion. 
f) Select fasteners for ease of 
assembly - The polymer technology 
has provided designers with new 
alternatives for fastening products 
together. For example, the use of 
molded plastic fasteners that easily 
snap together can reduce the number 
of parts and the equipment required 
to assemble them, thereby reducing 
overall assembly cost. 
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for vertical top down g) Design 
assembly Designers should design 
parts in such a way that makes it 
possible to have a vertical top down 
assembly. This will give advantages 
of gravity and wi 11 also result • in 
simplification of assembly cell. 
h) Modular product _ __c;j_esigll:_S - Several 
benefits are achieved from designing 
modular products. Such design 
enables a job to be broken into 
manageable subsystems (modules), 
which can be tested independently 
and built at different sites and 
many model variations can be 
achieved at subsystems levels. 
i) Reduce manual/mechanical_____ ad just-
ments - Several assembly and test 
problems are caused by manual and 
mechanical adjustments. Such 
problems can be avoided by including 
features like naturali stopping 
points and notches in the design 
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that simplify or remove the need for 
manual or mechanical adjustments. 
j) Product, Process ·and Equipment 
Standardization - An effort should 
be made to achieve standardization 
of 
It 
parts and . . . minimize variations. 
. is seldom justifiable, for 
example, to use several screw sizes 
or different types of metals in one 
). 
part. Minimizing part variations 
leads to savings in costs and also 
simplifies manufacturing. 
k) Awareness of the state-of-the-art 
Manufacturing Technology - Designers 
should be aware of the 
manufacturing technologies 
latest 
like 
Robotics, CNC/DNC machining, Simula-
tion, Group Technology, Material 
Handling techniques and Computer 
Controls. This awareness will allow 
them to incorporate one or more of 
these technologies in their design, 
thus allowing them to take advantage 
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of the options which they might 
never have considered before. 
1) Limit use of electrical 
- -
cables -
Because of their flexibility, 
electrical cables are difficult to 
handle in an automated environment. 
So, it desirable to limit their • lS 
use and consider using plugs and 
connectors in their place. Limiting 
the use of cables wi 11 al so reduce 
assembly problems resulting from 
cable wiring errors. 
Benefits of Implementinq DFML/l 
a) Reduction . in inventoi;_y __ levels - One 
of the main benefits of using DFM/A 
is that it reduces the number of 
parts by eliminating nonfunctional 
parts and integrating several 
functions into a single part. This 
results in reduced costs, better 
quality, a shorter development cycle 
and reduced inventory. Also, 
several overheads associated with 
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having a large number of parts are 
. 
cut down, resulting in even more 
. 
savings. 
. in cost and b) Reduction assembIY_ 
-------
time - Since DFM/A reduces the 
number of parts for example screws, 
4 
bolts and adhesives, it leads to 
reduced assembly time and cost. 
Even space required for manufactur-
ing may be reduced. This leads to 
' 
overall cost and 1 time savings. 
c) Improvement in qualit_j'_ - One conse-
quence of using DFM/A . lS that 
quality is designed into parts, 
which reduces rework and testing. 
This results in an overall better 
quality at a reduced cost. 
d) Shorter product cycle - The . in-
volvement of personnel from all 
departments associated with a 
product (e.g. development engineer-
• 1ng, tool 
. 
neering, 
. . 
engineering, 
quality, 
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control, purchasing, and manufactur-
ing) results . in a shorter product 
cycle. Although this delays the 
design release, the entire team's 
involvement in the design process 
enables the individuals to antici-
pate their portions of work and as a 
result a better product is produced. 
e) Minimizing of changes - The use of 
DFM/A methodology results . . . in minimi-
zation . . engineering changes. 
of 
Engineering changes can be extremely 
expensive because they can require 
changes in the manufacturing pro-
cess, resulting in increased costs 
and delays. 
departments 
The involvement of all 
associated with a 
product helps in reducing the 
expensive engineering changes. 
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APPENDIX B 
Functional Tolerance 
The purpose of this section is to explain the 
• meaning 'Functional and benefits of the term 
Tolerance' to the readers who are llnfamiliar with 
this concept. 
"Functional dimensioning and tolerancing can 
be described . in its simplest as a means of terms 
specifying the "geometry" or "shape" of a piece of 
hardware on an engineering drawing." [1] Broadly it 
can be described as a technical drawing language 
which • improves the comml1nication in the cycle from 
design to manufacturing because it provides a uniform 
meaning to all. 
The function of a part and its feature rela-
tionships are simply not captured in the purely 
coordinate system, whereas, the functional dimension-
ing and tolerancing system being actually based upon 
function and relationship does capture that informa-
tion, as shown in the Figs. B.l and B.2. 
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Some of applying its . main advantages of 
principles of functional dimensioning and tolerancing 
are: 
1. Its use saves money by: 
a) Ensuring maximum producibility. 
b) Ensuring integrity of the design 
requii;-ements. 
c) Ensuring interchangeability. 
d) Providing uniformity of drawing 
delineation and interpretation. 
2. It accommodates today·s more sophisticated 
design; brings drawing capability abreast 
of the product state-of-the-art. 
3. It is increasingly becoming the universal 
"spoken word" in worldwide . . engineering 
documentation. 
Functional tolerancing 1s a time-consuming 
engineering practice which has as its objective the 
establishment of the most producible design that will 
attain the desired performance and service life. The 
design is captured and stated more clearly by th use 
of functional dimensioning and tolerancing rules and 
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production can better understand 
~ 
manufacturing and inspection [ 15] . 
and implement 
For example one 
of the rules of functional dimensioning and 
tolerancing is to determine the basic location where 
most dimension lines originate. This location 
. 
1S 
known as a Datum or Reference location. For machin-
ing, the reference location provides the base from 
which all other measurements are taken. 
tolerances from a reference location, 
errors are eliminated. 
By stating 
cumulative 
Next let us take a look at an example from a 
SME Technical Paper (#MM85-659) by James Nolen. 
"Engineering and manufacturing personnel typically 
assign the tolerances illustrated to the part in Fig. 
B.3, when given these design objectives: 
* Receive 4 half-inch bolts from an identi-
cal mating plate (clearance holes). 
* Be functionally interchangeable with every 
other part in inventory. 
* Function for the required service life. 
In fact, correct functional tolerancing of the 
part requires the knowledge of the nominal diameter 
of the half-inch bolt, the distance across the flats 
83. 
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of the head of a half-inch bolt, and the ability to 
calculite ~aximum positional tolerance based on hole 
diameter. 
Designers do not devote that amount of atten-
tion to such a simple part because of the time 
required to do so. However, this decision condemns 
the manufacturer to a proe:fuction cost that is five to 
six fold larger for the remainder of the part's 
active life." 
Typically, as shown in this example, because 
of the time constraints in the engineering de,part-
ments, the designers do not find enough time to do 
detailed calctilations necessary for functional 
tolerancing. As a result the designs keep on float-
ing between design and manufacturing departments 
because of misfits in assembly. 
It can be seen from this discussion that rules 
of functional dimensioning and tolerancing provide 
numerous benefits in terms of design standardization 
and lower production cost. 
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APPEf\lDIX C- I 
DESIGN OF DCLASS DECISION TREES 
V CRPFRC-ENTER CRIMP FORCE 
V PRDRA-iE-ENTER PRODUCTION ~ATE 
V INSUL-ENTlR TYPl OF INSULATTON 
V LEADLTH-EN-IER LFAD LEr~GTH 
V WSlZE-ENTER MAX.& MIN.WIRL SILE 
-----------
---------
V NWTRlS-ENTER # OF WIRlS 
V STRPLTH-ENTER s-1R1P LENGTH 
VARlABLE SET V OPTS-ENTER OPTIONS REO. 
V CONTS-ENTER TYPE OF CONTACTS 
V OSHA-lNTlR OSHA REO. 
MACHij\JE 
D_E_S_I ~ ;_o -1-"-L__.;.O_G_I_C __ _ 
MACHINES 
tv1 P1 C H I NE # I 
1~------LB--
'-----------------------
l"·IJ\C:~I NE #4 
.--
1"1 /~1 C~ H I NE # 5 
--------
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/ 
iv'.ACf-~ I NE # I 
--LB 
' 
C WRITE ~ACf-~INE SELECT=D 
IS M,t.,Cr-JINC: # I 
C WAIT 
w 
T 
I 
! r-=:L1;5 , : i ~--' u r\ L. 
:vARlABLE o/ J I lo 
i 
I ~-1 
A 
v/IRE DEREELER 
I 
• • 
. 'I 
INPUT \/A.LUES 
I 
' !LCGIC 
-----
I 
I 
i 
i 
louTPUT / TYPES 
I 
1. 
I 
I 
I 
%1 
j 11:0DULES 
• 
I 
I 1,1, ni:-
1 h.l,.,_ 
Fr:_ED SYSTE~-1 
1WIRE JAW SYST~M 
I 1SW~A~ STRIP· svsTC~' I ,~.r,r:; . I I L_I I 
. WIRE -, RANSFcR 
REEL SUPPOR-i S 
WIRE E~ECT SYSTEM 
MAIN DR:VE MOTOR 
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~
1lA INTENA~JCE TYPE 
V rRATE-ENTER FEFO RATE 
INPU-1 \I ;\.l_l,Jf- S V FDREEL -Ei\JTf- R FORC:E TO DEREFL 
V TORO-ENTER TORQUE 
V MOI-EN-IER ~101 OF WIPE SPOOL 
% I 1_0GIC_ 
,,-; OUTPUT DEREELER 2 
OEREELEP 3 
·- ------
/ 
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co 
• 
CUSHIONING MECHANISM% 
• 
.. 
BRAK~NG rvi EC HA f\J ISM % 
DEREELER I I 
_xJ 
--Le-
I 
' I 
SUPPCJR-rs % 
INPUT VALUES % 
.. 
LOGIC 
TYPES I 
LOGIC 
. 
. 
BRA~<E TYPE_S I 
STR ENTER • 
LOGIC 
. 
I TYP_E_S ________ ---l 
' 
' 
, 
I 
I 
l 
< 
V F2 ENTER FORCE 
MACHINE PULLS WIRE 
V SLK ENTER SLACK (MUST 
BE < LEAD LENGTH) 
LD 
, 
' 
CIV1 I % LE 
LF 
CM 2 
;. 
CM -.) . .. 
DISC 
.J 
f-l'(OR AUL_ IC 
' 
/ / WELDMENT & BASE SUPPORT 
B/-\SE SUPPORT 
,, 
i ' 
I 
., 
..• l 
-------------- ----~---- --
LOWER 
., 
-· 
I 1--~- L~I ,.-r-') 
v~Rl i c. u~vr:.:-. 
C NON-STATIONARY PULLEYS 
! i WRIT~ CAP SCREW/CODE 
I C ,....,,....,,..,..,,..,.., , .,-., I ~ :::. c!.. c_ j C. ' 
I 
I 
'vvR l TE P .Li\;/CODr 
IC 99coaao 7JJ././ 
j WR1T~ LATCH,WTR~ 
NON-ST AT ltJ~,iARY PULLEYS % , C Re 1· A.i.i\lcR/COO'.=" 88,8888X 
-~~~~~~- LJ-~~~~~---+~~~~~~~~~-~--~~-~ 
, 
' 
\c 
WR~TE COLLAR.SHAFT/COD~ 
cc,oooo·J 
WR7TE PULLEYS/CODE 
l : I i I I i 
• I WR:TE MOU~!T,DA~C1NG 
!C PULLEY/CODE 4444444 
C WRIT[ SCR:W/CODE 2222~34 
le WAIT 
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WRITE U. PPER ST A TIOi\J/\RY 
C SUPPORT C' '-· 
' \1RITE Q' t_:I CK Cf-lA1·~GE 
C 1\SSE1vJBL \( 1/CODE I I I IO I 2 
. 
\'/RITE P' UL-LEYS/CODE 
C 1212121 
UPPER ST A TIDf~AR'( SUPPORTS % WRITE R C 2,545321 ECEPTACLE/COOE 
' LE 
WRITE M DUNT/CODE 
C 6854367 ,, 
' 
WRITE T OWER BL-OCK/CODF--
C 6754328 
~JRITE s CREW/CODE 
C 2222343 
C WAIT 
WRITE i\NCING PULLEY D, 
C SHAFT 
,. 
I 
DANCING PULLEY SHAFT % WRITE R C SPRI,~G/ 
ETA1NER 
CODE 6666666 
LF -
C WATT 
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APPENDIX C-2 
Sorted Parts List of 4 Modules of 
Connector-Assembly~aking Machine, namely 
Wire Dereeler, Wire Measuring, 
Wire Marker and Wire Feed System 
Dimensions . -__________ Q~t_._y Name 
--------------------·- ··- ·---- -
ACTUATOR 
ARM,ROCKER 
ARM,WIRE TENSION 
ARM,WIRE TENSION 
BALL BEARING ASSY 
BALL JOINT 
BASE 
BEARING 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,BALL 
BEARING,INNER RACE 
BEARING,INNER RACE 
BEARING,MICRO RETAINER 
BEARING,NEEDLE 
BEARING,NEEDLE 
BEARING,THRUST 
BELT,TIMING 
BLOCK 
BLOCK, TOWER 
BLOCK,ADJ,RUNOUT CAM 
BLOCK,FLEX SHAFT 
BOLT,SWING 1/4-20 
BOX,GEAR 
BRACKET,ADJ SWITCH 
BRACKET,LH 
BRACKET,MTG TUBE 
BRACKET,RH 
BRAKE, DISC 
BUSHING BLOCK 
BUSHING,TAPER LOCK 
CABLE,JAW CLOSING 
CAM,FOLLOWER 
CAM,FOLLOWER WIRE TEN. 
· 91 
1 
2 
1 
2 
1 
2 
1 
1 
2 
4 
2 
2 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
• 
....... ;, .. ,, ·-. ., ' """ ' ,_ ' "' . . . 
Name 
CAM,WIRE RUNOUT 
CAPSTAN 
CAPSTAN 
CAPSTAN DRIVER 
CLAMP,BEARING 
CLAMP,FLEX SHAFT 
CLAMP,LOWER FRONT TUBE 
CLAMP,TUBE 
CLAMP,TUBE 
CLAMP,TUBE 
CLAMP,UPPER FRONT TUBE 
CLEVIS,FEED SIDE 
CLEVIS,WIRE TENSION 
CLUTCH,ROLLER 
CLUTCH,SLIP 
COLLAR 
Dimensions 
COLLAR 3/4" ID 
COLLAR,FLEX SHAFT 
CONNECTOR 1/8 NPT 
COUPLER,AIR 
COUPLING, OLDHAM 
COUPLING,FLEX SHAFT MT. 
COUPLING,OLDHAM 
COVER,GEAR BOX 
ECCENTRIC,WIRE RUNOUT 
EJECTOR,STUD NO 5 
ELBOW,MALE 
ELBOW,STREET 
ENCODER,SHAFT 
FERRULE 1/4 TURN 
FITTING,LUBE 
GAGE, A.P. 
GASKET,DRIVEN GEAR 
GASKET,GEAR BOX 
GASKET,MAIN DR. 
GEAR,DRIVE 
GEAR,DRIVEN 
GEAR,WIRE FEED 
GIB,EXT. SPRING MT. 
GUARD 
GUARD 
GUARD 
GUARD,FLEX SHAFT 
GUIDE,CLEVIS 
GUIDE,WIRE 
HOLDER,REAR FEED TUBE 
HOUSING 
HOUSING,MACHINING 
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1 
2 
4 
1 
1 
..L 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
• 
• 
.. 
' 
Name Dimensions Qty 
-------------- ------- -----------------------~-
• 
HOUSING,WIRE FEED CLUTCH 
IDLER,PULLEY 
JAW,FRONT WIRE 
JAW,REAR WIRE 
KEY 
KEY 
KEY,SQUARE 
KEY,SQUARE 
KEY,WOODRUFF 
LATCH 
LEVER,FOLLOWER 
LINK,CABLE 
LINK,CABLE 
MOTOR,WIRE MEASURING 
MOUNT 
MOUNT, PULLEY 
MOUNT,SIDE RECEPTACLE 
MTG BRKT, WIRE ST. 
MTG BRKT,WIRE ST. 
NIPPLE, REDUCING 
NUT, HEX 
NUT, HEX 
NUT, HEX 
NUT, HEX 
NUT, HEX 
NUT, HEX JAM 
NUT, HEAVY HEX 
NUT, HEAVY HEX 
NUT, HEAVY HEX 
NUT, HEX 
NUT, HEX 
NUT, HEX 
NUT, HEX JAM 
NUT, HEX JAM 
NUT, WING 
PIN 
PIN 
PIN,CLEVIS-LINK 
PIN,DOWEL 
PIN,DOWEL 
PIN,GROOVED 
PIN,GROOVED 
PIN,LINK-ARM 
PIN,PIVOT 
PIN,RETAINING 
PIN,SLOTTED SPRING 
PIN,SLOTTED SPRING 
PIN,SLOTTED SPRING 
,_ 
3/16" * 3/16" * 1-1/32"L 
3/16" * 3/16" * l-l/32"L 
2.00" L 
.875" L 
1/2-13 
1/2-13 
5/16-18 
NO. 10-32 
NO. 6-32 
1/4-20 
1/4-20 
1/4-20 
3/8-16 
3/8-16 
5/16-18 S.L. 
NO . 10 - 2 4 S . L . 
3/8-16 
3/8-16 
1/4-20 
.093" DIA* .SO"L 
.187"DIA * 1.25" 
.118" * . 75"L 
. 250"DIA * . 500"L 
.125"DIA * l.OOO"L 
.125"DIA * . 750"L 
.062"DIA * .500"L 
.187"DIA * l.OOO"L 
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1 
1 
1 
1 
2 
2 
1 
3 
1 
1 
'1 
-
.l 
1 
1 
1 
1 
2 
1 
1 
1 
4 
4 
2 
2 
1 
2 
2 
2 
1 
1 
1 
1 
2 
1 
..L. 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 • . 
' 
' 
_N_a_m_e _____________ D_imen s_t qn_f:'1_ ___ _ __ _ _ ______ Q~t....._y 
PIN,SLOTTED SPRING 
PLATE 
PLATE,BEARING COVER 
PLATE,FEED WHEEL MT. 
PLUG,, NYLON 
PLUG,PIPE,HEX SKT 
PLUG,VENT 
PULLEY 
PULLEY 
PULLEY 
PULLEY 
PULLEY 
PULLEY,CAPSTAN 
PULLEY,WIRE GUARD 
PULLEY,WIRE GUARD 
RECEPTACLE 
RECEPTACLE 
REGULATOR,AIR 
RELEASE,WIRE TENSION 
RETAINER 
RETAINER 
RETAINER 
RETAINER 
RETAINER 
RETAINER, BEARING 
RETAINER,SPLIT RING 
RING,CAPSTAN BEARING 
RING, RETA,INING 
RING,RETAINING 
RING,RETAINING 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
.187 11 DIA * . 50 11 L _ 
1/8-27 * .312"L 
5 IN 
5 IN 
5 II 
8 II 
8 II 
1/4 TURN 
1/4 TURN 
1/4 TURN 
1/4 TURN 
.250"DIA SHAFT 
.250 11 DIA SHAFT 
.250 11 DIA SHAFT 
10-32 * l.000 11 L 
10-32 * l.SOO"L 
10-·32 * 1. SOO"L 
10-32 * .375 11 L 
10-32 * . S00 11 L 
10-32 * . 750"L 
10-32 * . 750 11 L 
10-32THD*.250 11 D*.250 11 L 
1 / 2 - 13 THD * -; 6 2 3 " D * . 12 5 11 L 
1/4-20 * l.OOO"L 
1/4-20 * l.OO"L 
1/4-20 * .62 11 L 
1/4-20*1.0 11 L 
l/4-20*1.50 11 L 
l/4-20*1.75 11 L 
1/4-20*7/B"L 
1/4-20*.50 11 L 
1/4-20*.62" L 
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1 
1 
1 
1 
2 
1 
1 
3 
1 
1 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
2 
4 
4 
1 
2 
2 
1 
4 
16 
1 
2 
.., 
.l 
2-
2 
4 
4 
1 
8 
4 
1 
2 
\ 
' 
\ 
. 
' ", 
f -
I . 
,-
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Name 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW 
SCREW, CAP 
SCREW, CAP 
SCREW,SET 
SCREW,WIRE TENSION 
SEAL,OIL 
SEAL,OIL 
SHAFT 
SHAFT 
SHAFT,CAPSTAN 
SHAFT,DRIVE 
SHAFT,DRIVEN 
SHAFT,WIRE FEED 
SHAFT,WIRE TENSION 
SLEEVE,FOLLOWER 
SPACER 
SPACER 
' 
Dimensions 
1/4-20*.62"L 
3/8-16*.50"L 
3/8-16*.75"L 
3/8-16*.75"L 
5/16-18 * l.OOO"L 
5/16-18*1.00"L 
5/16-18*.75"L 
6-32 * .25"L 
8-32 * .375"L 
8-32 * .375"L 
8-32 * .375"L 
8-32 * .625 11 L 
8-32 * . 750 11 L 
NO . 10- 3 2 * . 3 8 " 
NO. 10-32 * . 3 8 11 L 
NO . 10- 3 2 * . 5 0 11 L 
NO. 10-32 * . SO"L 
NO. 10-32 * . 62 11 L 
NO . 10- 3 2 * . 7 5 11 L 
NO. 10-32 * .88"L 
NO. 10-32*. 25" L 
NO. 4-40 * .25"L 
NO. 6-32 * .62"L 
NO. 8-32 * .38"L 
NO. 8-32 * . 50"L 
.248"DIA * l.SOO"L 
.248"DIA * 1.750"L 
.250"DIA*.50 11 L 
.357"DIA * l.75"L 
.375"DIA*l.25"L 
.375"DIA*l.50 11 L 
.SOO"DIA*l.OO"L 
1/4-20*1.SO"L 
1/4-20*.62"L 
5/16-18UNC*.375 11 L 
95 
Qty 
1 
4 
1 
2 
/ 8 
4 
5 
2 
8 
4 
2 
13 
7 
1 
4 
5 
1 
1 
4 
10 
4 
2 
6 
2 
2 
2 
1 
1 
1 
1 
6 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
·---·----· ·---~-·-··. "~_,....,. 
-. 
Name 
SPACER 
SPACER, WIRE TENSION 
SPACER,CAPSTAN 
SPACER,CAPSTAN 
SPACER,DRIVE GEAR 
SPACER,DRIVEN GEAR 
SPACER,FOLLOWER 
SPACER,FOLLOWER LEVER 
SPACER,SLIP CLUTCH 
SPACER,WIRE FEED 
SPINDLE 
SPRING 
SPRING 
SPRING, COMPRESSION 
SPRING, COMPRESSION 
SPRING, DAMPER 
SPRING,COMPRESSION 
SPRING,COMPRESSION 
SPRING,DIE 
SPRING,EXTENSION 
SPRING,EXTENSION 
SPRING,FRONT COMP. 
SPRING,REAR COMP. 
STANDOFF, PULLEY 
STRAIGHTENER, WIRE 
STRAIGHTENER,WIRE 
STUD , 
STUD 
STUD 
STUD,FOLLOWER 
STUD,SPRING 
STUD,SPRING 
STUD,WING HEAD 
TUBE,FRONT FEED 
TUBE,REAR FEED 
TUBE,WIRE FEED 
TUBING 
VALVE, CONTROL 
WASHER 
WASHER 
WASHER 
WAS-HER 
WASHER 
WASHER 
WASHER 
WASHER,DRIVE GEAR 
WASHER,DRIVEN GEAR 
WASHER,FLAT 
.. 
Dimensions 
1/4 TURN 
1/4 TURN 
1/4 TURN 
1/4 TURN 
\ 
1/4" OD*32" L 
1/4 TURN 
l/4"ID 
5/16" 
5/16" 
NO. 8 
1/4" 
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• 
1 
2 
4 
1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
2 
1 
2 
2 
2 
1 
1 
1 
1 
1 
4 
1 
1 
2 
4 
5 
2 
1 
2 
2 
"'' 
' 
c,-·, 
Name 
WASHER,FLAT 
WASHER,FLAT 
WASHER,FLAT 
WASHER, INTL TOOTH LOCK 
WASHER,INTL TOOTH LOCK 
WASHER,RGLR SPRNG LOCK 
WASHER,RGLR SPRNG LOCK 
WASHER,RGLR SPRNG LOCK 
WASHER,RGLR SPRNG LOCK 
WASHER,RLGR SPRNG LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASI-!ER, SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING LOCK 
WASHER,SPRING IJOCK 
WASHER,THRUST 
WELDMENT 
WHEEL, WIRE TENSION 
WHEEL,WIRE FEED 
WHEEL,WIRE RUNOUT 
• 
i 
r 
Dimensions Qty 
. ·------- -·-·· ·------ - _______ ....c:.....,L.._ 
5/16 1 
NO. 10 6 
NO·. 8 
2 
1 
1/4 4 
NO. 10 5 
NO. 2 2 
NO. 8 4 
3/8 1 
1/4 2 
5/16 8 
NO. 10 2 
NO. 10 16 
NO. 10 1 
NO. 10 1 
NO. 8 
NO. 8 7 
NO. 8 13 
NO. 8 4 
N0.10 4 
N0.10 2 
N0.8 8 
1 
1 
1 
1 
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